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SUMMARY 
In this experimental study the permeability of Australian bagasse chemical pulps obtained from 
different bagasse fractions were measured in a simple permeability cell and the results compared to 
one another as well as to eucalypt, Argentinean bagasse and pine pulps. The pulps were characterised 
in terms of the permeability parameters, the specific surface area, Sv, and the swelling factor, α.  It was 
found that the bagasse fraction used affects these parameters.  Fractionation of whole bagasse prior to 
pulping produced pulps that have permeability properties that compare favourably with eucalypt pulp.  
The values of Sv and α for bagasse pulp also depend on whether a constant or a variable Kozeny factor 
is used. 
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INTRODUCTION 
The Australian sugar industry is mainly a single commodity producer and has recently experienced 
financial difficulty because of the low world sugar price. To increase diversification, the industry is 
investigating new products that can be made from fibrous sugarcane residue, that is, bagasse.  Bagasse 
is a potential alternative to eucalypt for the production of paper. 
Eucalypt pulp is preferred to bagasse pulp because of the widely held view that it has better 
permeability and strength properties.  Industry experts note that using bagasse pulp reduces paper 
machine production rates by 25-30%.  Bagasse pulp quality is detrimentally affected by the presence of 
fine and short ‘pith’ fibres (length < 0.4 mm) (e.g. 1, 2).  These fibres are liberated by the sugar 
extraction process and constitute 30-40% of the bagasse.  In countries where bagasse pulp is used for 
paper making, depithing of the bagasse is essential to make pulp of acceptable quality (3).   
There is virtually no published literature quantifying bagasse pulp permeability.  The only published 
data on bagasse pulp permeability known to the authors was recently performed by El-Sharkawy and 
co-workers (4).  In this study, limited permeability data was obtained as a small part of a broader 
investigation into the refining of Indian bagasse pulp. 
Although not directly related to this study, a number of studies into bagasse pulp freeness have been 
reported in the literature (1, 2, 5-12).  Freeness only provides an indication of the drainage behaviour of 
a pulp suspension whereas permeability specifically refers to the ability for water to drain through a 
pulp mat.   
The primary objective of this study was to examine the effect of bagasse preparation on pulp 
permeability properties and to compare the permeability data to those presented by El-Sharkawy and 
co-workers (4).  To this end, Australian bagasse was separated into three size fractions (i.e. coarse, 
medium and fine fractions) prior to chemical pulping.  For comparative purposes, the permeability 
properties of kraft eucalypt (Eucalyptus globulus) pulp, a hardwood pulp with short fibres typically 
around 0.8 mm in length, were determined as the benchmark for this study.  The permeability of 
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several other pulps was also measured including fine ‘pith’ Australian bagasse pulp, unfractionated 
milled Australian bagasse (i.e. ‘whole’ bagasse) pulp, and depithed bagasse pulp from Ledesma Sugar, 
Pulp and Paper Mill in Argentina.  Finally, the permeability of a kraft pine (Pinus radiata) pulp, a long 
fibre pulp typically 3 mm in length, was measured.  
Pulp permeability was measured in a simple experimental cell.  A clear Perspex tube filled with pulp 
and attached to a constant head tank was used to achieve steady state flow.  The pressure drop was 
measured by two manometers. 
The pressure drop and flow rate data were used to determine Darcy’s permeability, K, and 
consequently the specific surface area, Sv, and the swelling factor, α, an indication of the strength 
generation potential during refining, were determined for use in the Kozeny-Carman permeability 
model (13, 14).  
The ‘Kozeny factor’, k, is actually a function of pulp porosity, although a constant is often used.  The 
optimum values of Sv and α depend on whether a constant or a variable k is used.  For this study, both 
constant and variable k was used.  Ingmanson and co-workers (15) found that using a variable Kozeny 
factor resulted in an increase in the prediction for α of around 25% and a decrease in the prediction for 
Sv of around 7% for wood pulp.   
This paper proceeds to explain the permeability theory and how the bagasse was prepared and pulped.  
The values of K (for a fixed concentration), Sv and α for each pulp sample are presented and compared.  
Finally, the effects of a constant and variable k on Sv and α are also compared. 
PERMEABILITY THEORY 
The theory of laminar flow through a homogeneous rigid porous media is based on Darcy’s law 
L
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where Q is the volumetric flow rate through a bed of porous material with cross-sectional area A, ∆P is 
the frictional pressure drop across the length (∆L) of the porous media bed, µ is the fluid viscosity and 
K is the specific hydrodynamic permeability of the porous material.   
K is determined experimentally from Darcy’s Law for a given pulp concentration.  Values of Q are 
determined from permeability experiments, A is constant, µ is determined from the water temperature 
and ∆P/∆L is obtained from experimental data.   
In a paper machine, the permeability of a pulp mat is affected by the varying concentration and hence 
porosity of the pulp as well as by the structural arrangement of the mat.  In this study, the pulp 
concentration in the permeability cell was varied by changing the mass of pulp and applying a large 
mechanical load.  The effects of compressibility over the height of the pulp mat are negligible because 
the mechanical load greatly exceeds the hydraulic load.  Consequently, the porosity distribution is 
uniform throughout the bed and Darcy’s Law can be integrated over the height of the bed. 
The effect of porosity on permeability is accounted for by the Kozeny-Carman model (13, 14).  The 
relation is 
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where ε is the porosity (i.e. the void fraction), Sv is the specific surface area, and k is the Kozeny factor.  
Unlike K, Sv is constant over a wide concentration range.  For this reason, Sv is used in this study as the 
principal permeability variable to compare the permeability between samples.  The Kozeny factor, k, 
takes into account the shape and fibre orientation of the material. 
Despite its age this permeability model is still used today because of its simplicity and accuracy. The 
Kozeny-Carman model is still being tailored today for applications in a wide range of industries, such 
as in the coal industry (16) and for groundwater management (17).   
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In the case of pulp fibres in the swollen state, a considerable amount of water occupies the pores of the 
fibres.  Incorporating α into the Kozeny-Carman model allows this study to obtain information on 
potential strength generation during refining as well as permeability data.  If the swelling factor of the 
fibres is α cm3/g, then the porosity is related to the concentration, c g/cm3, by ε = 1 – αc.  Inserting into 
(2) and rearranging obtains 
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Plotting (Kc2)1/3 against c will give a linear relation.  Darcy’s permeability, K, is determined from 
permeability experiments and c is calculated from the height and diameter of the pulp mat for a known 
mass of pulp.  The specific surface area, Sv, and the swelling factor, α, are calculated from the slope 
and the intercept of the graph.  This method was first used by Robertson and Mason (18).  Sv and α can 
then be inserted back into equation (2) to test the agreement of the experimental data with the Kozeny-
Carman model.  The Kozeny factor, k, is frequently assumed to be constant.  For randomly packed 
fibrous beds, k was determined to be 5.55 (19).   
A common criticism of the Kozeny-Carman model is that k is a function of porosity, and hence is 
variable.  Soon after its inception, it was found by Davies (20) and experimentally verified by 
Ingmanson and co-workers (15), that for fibrous materials it can be represented by: 
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where a = 3.5 and b = 57  for fibrous materials.   
The only known work into measuring the permeability constant of bagasse pulp was undertaken by El-
Sharkawy and co-workers (4).  The form of the permeability model used by these authors is not as 
commonly used as the model used in this study; the permeability is proportional to the first power of 
the porosity in the numerator viz 
( )21'kK ε−
ε
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where k' is a permeability constant. 
EXPERIMENTAL PROCEDURE 
Bagasse pretreatment 
The pretreatment procedure used in this study is intended to maximise the permeability of Australian 
bagasse pulp and also to minimise degradation of the bagasse for long term storage.  The total amount 
of pith removed (around 43%) was higher than normally used by industry to achieve acceptable 
bagasse pulp permeability (typically 30-35%). 
A sample of milled bagasse (species, Q208B) was collected from CSR Invicta Mill in northern 
Queensland, Australia.  The bagasse samples were washed thoroughly to remove sugar and prevent 
fermentation.  The bagasse sample was immersed in water and the mixture filtered using a fine wire 
mesh.  The fines in the filtrate were recovered by refiltering through the bagasse bed several times.  It 
was estimated that 3% of the fines were lost through this washing process.  The sample was then air-
dried on a tarpaulin to 10-15% moisture and placed in a 4°C refrigerator.   
The washed bagasse was separated into three fractions prior to pulping using two wire mesh sieves of 
different aperture sizes, 12.5 mm and 4 mm.  Subsamples of around 50 g of bagasse were manually 
sieved for approximately 3 min to achieve the separation.  The three bagasse sizes produced were 
nominated: ‘coarse’ which accounts for around 25 % of the bagasse that is retained on the 12.5 mm 
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sieve (i.e. +2 mesh); ‘medium’ (i.e. 4.0 mm to 12.5 mm) which accounts for around 35% of the bagasse 
that passes the 12.5 mm sieve but is retained on the 4.0 mm sieve (i.e. +6 mesh); and ‘fine’ which 
accounts for around 40 % of the bagasse and that passes through the 4.0 mm sieve (i.e. -6 mesh).   
A depithed Argentinean bagasse sample that is used by the company Ledesma Paper Mill to make 
writing papers was included in the evaluation.  The depithing process removed 30% of the finest 
material (i.e. the pith).   
The fractionated bagasse samples are shown in Fig. 1 (a), (b) and (c) together with samples of ‘whole’ 
(unfractionated) Australian bagasse (d).  The ‘coarse’ bagasse (a) contains a much higher content of 
large chip-like material compared to the ‘medium’ bagasse (b).  
 
Fig. 1. Photos of (a) ‘coarse’, (b) ‘medium’ and (c) ‘fine’ fractions of Australian 
bagasse, and (d) Australian ‘whole’ bagasse 
Pulp preparation 
‘Coarse’ and ‘medium’ Australian bagasse pulp samples of 80 g to 100 g were produced in a 6×1.5 L 
cell ‘flow-through’ digester at the Australian Pulp and Paper Institute (APPI), Melbourne.  The 
equipment is described by Nguyen and Dang (21). Fifty litres of cooking liquor was recirculated 
through six cells containing the fractionated bagasse. The pulping conditions were 0.4 M sodium 
hydroxide (approx. 13.8% Na2O on oven dry fibre) and 0.1%, anthraquinone, AQ, (on oven dry fibre) 
at 145°C for 30 min. The pulp kappa number (i.e. residual lignin content) was 20.  The depithed 
bagasse obtained from Argentina was also pulped in this manner. 
It was not possible to pulp whole (unfractionated) bagasse or the ‘fine’ fractionated material in the 
APPI ‘flow-through’ digester because the liquor would pool on top of the fibre and not permeate 
through the fibre.  Consequently, samples of whole and fine Australian bagasse were pulped to a kappa 
number of 20 in a 18.5 L static pressurised vessel at 170°C for 105 min at a liquor to fibre ratio of 14:1 
with a concentration of approximately 0.4 M sodium hydroxide and 0.1% AQ. 
Eucalypt pulp was prepared at Ensis, Melbourne, using an air-bath reactor.  The cooking conditions 
used to produce the pulp were 11.75% Na2O on oven dry fibre, sulphidity of 25%, cooking temperature 
of 165oC for 2 h.  The kappa number of the pulp was around 19. 
Similarly, a sample of kraft pine pulp was obtained from APPI.  The sample was prepared in an air-
bath reactor and pulped to a kappa no. of 20. 
50 mm 50 mm 
50 mm 
(a) (b) 
(c) (d) 
50 mm 
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Each pulp sample was screened through a 200 µm slotted Packer screen with water recirculation.  The 
pulp samples were not allowed to dry prior to permeability testing. 
Permeability tests 
Fig. 2 shows the schematic diagram of the experimental equipment assembly used to obtain the 
permeability data.  The main feature of the permeability apparatus is a permeability cell made from a 
Perspex tube with an internal diameter of 41 mm and height of 300 mm.  The cell has an airtight seal at 
the top - a rubber bung that is connected to a manual valve.  The bottom is supported by reinforced 
screen of 100 mesh.  The cell is connected to two manometers to measure the pressure drop (∆p) across 
two positions of the pulp mat (∆l). 
Thirty grams of dry pulp equivalent and 3 L of distilled water were added to a disintegrator to make a 
pulp slurry of 0.9 % consistency.  Two litres of this slurry was then slowly poured into the permeability 
cell to form a saturated mat.  The slurry was vigorously agitated as it was added to the cell to ensure 
uniform layering of the pulp fibres in the cell.  Although the water supply was not deaerated, it was 
consistent in every experiment.  The data is similar to that obtained by other workers using deaerated 
water (18). 
 
Fig. 2 Schematic diagram of the apparatus used for permeability measurements 
Cell ID 41 mm 
∆l 
Water layer  
Manual 
valve 
Town water 
supply 
Water level 
Constant 
head tank 
Overflow 
∆p 
Q 
Pulp mat  
∆L, ∆P 
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The town water supply valve to the constant head tank was opened until the tank overflowed and a 
constant head was maintained above the manual water valve to the cell. The manual valve was opened 
and water flowed from the constant head tank through the cell.  The manual valve was adjusted until 
the height in the manometer was constant (typically 5-15 min).  The pulp mat height (∆L) was recorded 
to determine the pulp concentration for a known pulp mass.  The flow rate of the water through the cell 
was measured (Q) with a measuring cylinder and a stopwatch and the difference in water height 
between the two manometers was recorded (∆p).  The pressure drop ∆p applies over the distance 
between the two manometers, ∆l. The hydraulic compression is negligible so ∆p/∆l is extrapolated over 
the full height of the pulp mat to determine ∆P/∆L that is required for the calculation of K using 
Darcy’s Law. 
Great care was taken to ensure that the pulp mat was constantly saturated with water by maintaining a 
pool of water above the pulp mat at all times.  If the pulp mat dries out, the fibres contract and the pulp 
mat could become unevenly distributed across the cross section of the cell and channelling of water 
could occur.   
After these measurements at the lowest flow rate were recorded, the flow rate of water through the cell 
was increased incrementally and the values for ∆p, ∆L and Q were recorded.   
Once these measurements were completed the supply of water to the cell was turned off and another 
500 mL of pulp slurry was then added to the permeability cell.  Values for ∆L, Q, and ∆p were again 
recorded over a range of flow rates.  Finally the remaining pulp slurry was added. 
When fully loaded with pulp, the mat was compressed to heights of 210 mm, 180 mm and 150 mm 
using compressed air.  At this point, the pulp mat is very compressed (>0.1 g/cm3) and a pool of water 
above the pulp mat is easily maintained as the compressed air is applied. Obtaining pressure drop and 
flow rate data over a wide concentration range is important for accurate calculation of Sv and α.   
It was observed during the permeability experiments that at high pulp concentrations (i.e. >0.1 g/cm3) 
repeatable results were readily obtained since it was easier to avoid channelling than at low 
concentrations.  Obtaining repeatable results was more challenging in the low concentration range 
between 0.06-0.08 g/cm3.  At these low concentrations, the following problems were occasionally 
encountered: (i) channelling; and (ii) pulp slurry entrained in the manometer lines.  At lower 
concentrations, the data obtained was continuously checked and if channelling took place the 
calculated permeability K, was obviously far too high and subsequently the datum was rejected. 
For the Australian bagasse pulp samples, the above permeability experiment was performed at least 
twice and the average Sv and α are presented in the results section.  For the other pulp samples, the 
permeability experiments were performed typically five times and the average for Sv and α are 
presented in the results section. 
Fibre length analysis 
The fibre length distribution was measured using a Kajaani FS-100 to investigate its effect on 
permeability. 
RESULTS 
Results of permeability tests 
For each pulp sample tested, K was determined from Darcy’s Law over a wide concentration range.  Sv 
and α values were determined from the Kozeny-Carman model.  Table 1 shows K, at concentrations of 
0.08 g/cm3 and 0.12 g/cm3, as well as Sv, and α values.   
The K values of different pulp samples are presented at two concentrations that occur mid-way through 
the experiment.  At these pulp concentrations, the average K for Australian bagasse pulp derived from 
the coarse bagasse fraction is higher than the average K for pulp derived from the medium bagasse 
fraction.   
A statistical analysis of K would only provide a comparison for a specific pulp concentration.  A 
statistical analysis was performed on Sv rather than K as it applies over the entire concentration range 
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investigated.  Optimum values for Sv and α were determined for both constant and variable k using a 
least squares regression method.  The following analysis between pulp samples compares the results for 
Sv and α using a constant k. 
The average Sv is 1490 cm-1 for Australian bagasse pulp obtained from the coarse bagasse fraction and 
2170 cm-1 for Australian bagasse pulp obtained from the medium bagasse fraction.  A Student’s t test 
found a significant statistical difference in Sv between coarse and medium bagasse pulp at a 95% 
confidence interval.  As expected the pulps obtained from both the Australian whole bagasse and fine 
bagasse fraction have extremely high Sv values (Table 1).  This is because the original bagasse material 
from which these pulps were derived have a very high proportion of pith material.  Pith has a very high 
surface area to volume ratio and consequently impacts on the Sv values. 
The Argentinean bagasse pulp was not statistically different from the Australian pulps derived from the 
coarse and medium bagasse fractions.  
The Sv for eucalypt pulp, 2480 cm-1, was higher than either the Australian pulps derived from coarse 
and medium bagasse fractions or the Argentinean bagasse pulp.  This result was found to be 
statistically significant.  It is thought that the relatively higher amount of pith removed by the 
pretreatment and the cooking process in the ‘flow-through’ digester (higher than is typically achieved 
by depithing and cooking in an industrial digester) may account for the lower Sv values obtained with 
the Australian bagasse pulps.   
Table 1 Comparison of permeability parameters obtained from the Kozeny-
Carman model with both a constant and variable Kozeny factor. 
Sample name Fraction 
Permeability 
K at 
0.08 g/cm3 
(×108 cm2) 
Permeability 
K at 
0.12 g/cm3 
(×108 cm2) 
Specific 
surface 
area Sv 
 (cm-1)  
constant 
k factor 
Specific 
surface 
area Sv  
(cm-1),  
variable 
k factor 
Swelling 
factor α 
(cm3/g), 
constant 
k factor 
Swelling 
factor α 
(cm3/g), 
variable k 
factor 
1 (Aust.) Coarse 37.3 9.31 1540 1163 3.44 4.03 
2 (Aust.) Coarse 51.69 13.34 1422 1010 3.27 3.96 
3 (Aust.) Coarse 26.89 5.19 1572 1180 3.84 4.50 
4 (Aust.) Coarse 37.45 8.56 1524 1123 3.52 4.19 
5 (Aust.) Coarse 40.85 6.15 1394 980 3.61 4.39 
Average Coarse fraction 38.84 8.51 1490 1091 3.54 4.214 
6 (Aust.) Medium 30.57 7.47 1822 1290 3.33 4.04 
7 (Aust.) Medium 26.6 6.95 1827 1287 3.38 4.10 
8 (Aust.) Medium 23.07 6.45 2264 1609 3.10 3.75 
 9 (Aust.) Medium 24.08 6.15 2170 1629 3.20 3.76 
10 (Aust.) Medium 18.23 4.81 2763 1973 3.00 3.64 
Average Medium fraction 24.51 6.37 2170 1558 3.20 3.94 
11 (Aust.) Fine 2.18 0.58 14148 9877 2.01 2.52 
12 (Aust.) Unfractionated 4.44 1.73 20185 11198 1.11 1.67 
Argentinean depithed bagasse 17.75 4.16 2099 1514 3.58 4.29 
Eucalypt 15.44 3.88 2480 1917 3.38 3.93 
Pine 36.38 1.59 327 319 7.17 7.60 
 
The Sv for pine pulp was much lower than the pulp obtained from Australian bagasse pulp because of 
its long fibre length. 
For the Australian bagasse pulps, when variable k is used in the calculation of Sv the value of Sv is 
about 400 cm-1 on average lower than when it is calculated with constant k. 
The results for α reflect the results for Sv.  The higher the value of α, the lower the value of Sv.   
Bagasse pulp derived from the coarse fraction of Australian bagasse had a higher α than the pulp 
derived from the medium fraction of Australian bagasse.  This was statistically significant at a 95% 
confidence interval using a Student’s t test.  The α values of the pulps derived from coarse and medium 
Australian bagasse fractions were not very different from Argentinean bagasse and eucalypt pulps (see 
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Table 1).  However, the pulps derived from whole bagasse and the fine bagasse fraction had very low α 
values.  A high α indicates that the pulp has a good strength generation during refining.  This suggests 
that fractionation has improved the potential strength generation of Australian bagasse pulps to be 
comparable to eucalypt pulp.   
Table 1 also shows that pine pulp has a far higher α than the other pulps which means it has excellent 
strength generation when refined.  This is not surprising given that pine has a very long fibre length of 
approximately 3 mm. 
Table 1 shows that the α values obtained with variable k were higher than the values obtained with 
constant k. 
Comparison with previous work 
The only published bagasse pulp permeability data is by El-Sharkawy and co-workers (4).  
Unfortunately, it is not possible to determine values of Sv from their study.  Therefore we have 
recalculated the results of this work into their ‘permeability constant’.  It was found that the 
‘permeability constant’ for coarse and medium Australian bagasse pulp was between 2×10-8 cm2 and  
4×10-8 cm2 compared to 2.36×10-9 cm2 for El-Sharkawy and co-worker’s Indian bagasse pulp.  For data 
collected in this study, the form of the conventional Kozeny-Carman model was found to have better 
agreement with the experimental data than the permeability model used by El-Shakawy and co-
workers. 
Table 2 shows a comparison of the Sv and α values from this study with those of previous workers.  
Most of these workers did not specify the wood species used.  The results of this study are very similar 
to that of Robertson and Mason for a kraft wood pulp (18). 
Table 2 Comparison of Sv and α measured by various workers 
Pulp source Investigator Kozeny 
factor 
Other details Specific surface 
area, Sv (cm-1) 
Swelling 
factor, α 
(cm3/g) 
Soda AQ 
Australian 
Bagasse 
This study Constant, 5.55 Not dried 1490-2170 3.20-3.54 
Soda AQ 
Australian 
Bagasse 
This study Variable Not dried 1100-1600 3.94-4.21 
Sulfite wood 
pulp 
Robertson and 
Mason (18) 
Constant, 
5.55 
Previously 
dried ~4100 2.80-3.08 
   Not dried ~2300 4.4-4.5 
Kraft wood 
pulp 
Robertson and 
Mason (18) 
Constant, 
5.55 Not  dried ~2300 3.66-4.27 
Wood pulp Ingmanson and Coworkers (15) Constant  4200 1.65 
  Variable  ~2900 ~2.07 
Sulphate 
wood pulp Gren (22) 
Constant, 
5.55  2000-3000 4.8 
 
The relative changes in bagasse pulp Sv  values (~25%) between a variable and constant k are more 
than previously reported by Ingmanson and co-workers for wood pulp (15). The change in α values is 
the same as previously reported for wood pulp. 
Modelling of bagasse pulp permeability 
The values of Sv and α presented in Table 1 obtained using a constant and variable Kozeny factor were 
inserted back into the Kozeny-Carman model and compared with the original experimental data (shown 
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in Fig. 3).  The Kozeny-Carman model with either a constant or a variable k reasonably predicts the 
experimental permeability data over the concentration range used in this study.   
The effects of compression are not taken into account in this study.  The authors evaluate a dynamic 
permeability and compressibility model in a further study.  Extrapolating the permeability model 
slightly above the concentration range used in the cell shows that the model predicts higher 
permeability with a variable Kozeny factor than with a constant factor.  This is important in a dynamic 
experiment when a large compressive force is used. 
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Fig. 3 Comparison of the Kozeny-Carman model with experiment data with both a 
constant and variable Kozeny factor. 
Results of fibre length distribution 
Fig. 4 shows the fibre length distribution of Australian pulps derived from fractionated bagasse, with 
those of Argentinean and eucalypt pulps.  The figure shows that the fraction of fibres shorter than 
0.4 mm in length for bagasse pulps is around 30% higher than that for the eucalypt pulp.  However, the 
bagasse pulps have more fibres greater than 1.3 mm in length.  The authors propose that the presence 
of a significant fraction of stiff bagasse fibres longer than 1.3 mm in bagasse pulps may have 
contributed to the high permeability.  Also, the overall length distribution seen with the Australian 
pulps derived from coarse and medium bagasse fractions may create a better web configuration for 
good filtration. 
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Fig. 4 Fibre length distributions of pulps. 
CONCLUSIONS 
The permeability properties of Australian bagasse pulp have been measured and reported.  Pulp derived 
from fractionated Australian bagasse has been produced in the laboratory with permeability that 
compares favourably with eucalypt pulp, despite a higher overall fine fibre content.  It is thought the 
fraction of fibres greater than 1.3 mm in length makes the bagasse pulp mat quite permeable.  As a 
word of caution, further physical property testing needs to be undertaken to establish whether the 
improvement in the quality of Australian bagasse pulp is truly comparable to eucalypt pulp. 
This study also shows that Australian pulp derived from the coarse bagasse fraction has better 
permeability, as measured by lower Sv, and has more prospects for pulp strength generation through 
refining than the pulp derived from the medium bagasse fraction as indicated by a higher α value. 
For bagasse pulp, a variable k gives a higher value for α and a lower value of Sv compared with a 
constant k,.  This is consistent with the findings obtained for wood pulps. 
Good agreement was found to exist between the experimental data and the theoretical predictions for 
the permeability properties of Australian bagasse pulp using the Kozeny-Carman model with a constant 
or variable k.   
The success achieved in this study in producing bagasse pulps with very high permeability properties 
justifies further work.   
ACKNOWLEDGEMENTS 
This work was financially supported by the Australian Federal Government through the Sugar 
Research and Development Corporation, QUT’s Sugar Research and Innovation, and the Faculty of 
Built Environment and Engineering.  
The in-kind support from the Australian Pulp and Paper Institute, Ledesma Paper Mill and CSR Sugar 
are all gratefully acknowledged.  
The involvement of QUT’s HPC and research support group is acknowledged. 
11 
NOMENCLATURE 
A is the cross sectional area of a porous bed for use with Darcy’s Law, cm2 
a is an experimental constant for use in the Davies Kozeny factor correction, - 
b is an experimental constant for use in the Davies Kozeny factor correction, - 
c is pulp concentration, g/cm3 
K is Darcy’s permeability constant, cm2 
k is the Kozeny factor, - 
k’ is a permeability constant used by El-Sharkawy and co-workers (2007), cm2 
∆L is the height of a bed of porous material for use with Darcy’s Law, cm 
∆l is the distance between the two manometers, cm 
∆P is the pressure drop across a bed of porous material for use with Darcy’s Law, mPa 
∆p is the pressure drop between the two manometers, mPa 
Q is the flow rate through a porous material for use with Darcy’s Law, cm3/s 
Sv is the specific surface area of pulp fibre (cm2/cm3) 
 
Greek letters 
α is the pulp swelling factor, cm3/g 
ε is the pulp porosity, - (between 0 and 1) 
µ is the liquid viscosity, mPa.s (cP) 
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